Lipase (EC 3.1.1.3) from Candida rugosa was covalently immobilised on to cellulose, cellulose derivatives (cellulose acetate and cellulose phthalate) and cellulose composite membranes using activating agents such as sodium periodate or carbodiimide. Other non-cellulosic polymeric membranes (nylon, polyurethane, chitosan and hydroxyethyl methacrylate-co-methyl methacrylate) were also prepared and used for lipase immobilisation. The results obtained showed that the expressed activities are of the same order of magnitude for similar enzyme loadings when compared with those obtained from literature.
Introduction
Lipases are versatile enzymes for hydrolyses, esterifications, biotransformations and racemic resolutions. However, commercially available lipases are expensive and methods to extend their active life have been intensively investigated and developed. Immobilisation, in particular, offers the advantage of facilitating the enzyme recovery for reutilisation. Numerous methods for lipase immobilisation are available but adsorption leads by far the number of reports in the literature (Gunnlaugsdottir et al. 1998) . Adsorption has been made on particles and membranes of different configurations. The choice of the support material for fixation of the biocatalyst is very important (Piedade et al. 1995 , Rucka et al. 1990 .
For hydrolytic reactions in aqueous media, the lipophylic substrates have to be emulsified using an appropriate surfactant. However, adsorption is stabilised by weak forces and surfactants can often remove most of the lipolytic activity. Therefore, covalent immobilisation could be an atractive alternative, although the costs are higher. The objective of this work was to compare the efficiency of covalent immobilisation of the lipase from Candida rugosa on different types of membranes.
Materials and methods

Materials
Lipase (EC 3.1.1.3) from Candida rugosa (type VII) in a powder form, sodium metaperiodate, 1-cyclohexyl-3-(2-morpholino-ethyl) carbodiimide metho-p-toluene sulfonate (CMC), Triton X-100, Tris/HCl buffer, cellulose acetate and cellulose hydrogenophtalate were obtained from Sigma. Glutaraldehyde (25% v/v) was from Merck and triolein was from Fluka. Nylon membranes (NL16) were from Schleicher & Schuell, Ultra Bind Us 450 membrane and GN4 Metricel membrane were from Gelman Sciences. Regenerated cellulose, cotton textile tissue and tracing paper were purchased from a local shop. The polyurethane pre-polymer Resicork VPU 9771, VA 3200 was kindly donated by Hoescht, Mem Martins, Portugal.
Methods
Preparation of the cellulose derivatives membranes
Membranes of the cellulose derivatives (cellulose acetate and cellulose hydrogenophtalate) were prepared by evaporation of a 10% (w/v) solution in tetrahydrofuran spread over glass plates, at room temperature (Gil et al. 1992) . 
Preparation of the chitosan membranes
Chitosan membranes were prepared by evaporation of a 2.5% (w/v) solution in 0.4 M acetic acid spread over glass plates at 60 • C. The membranes were then thoroughly washed with 1 M NaOH and distilled water.
Preparation of the polyurethane membranes
The polyurethane membranes were prepared as follows: 6.3 g pre-polymer and 1.7 g dimethylformamide were mixed under stirring conditions for 5 min. This solution was spread over a 25 × 25 cm plate to a thickness of 0.25 mm, and allowed to dry overnight at 45 • C. The plate was then immersed in cold water and the membrane could be easily separated.
Immobilisation of lipase onto cellulose derivatives
When no spacer arm was used, the activation procedure involved the production of aldehyde groups on the cellulose chain, via periodate reaction, for subsequent linkage of the lipase. The activation procedure was as follows: a sample piece of membrane (either cellulose or cellulose acetate) was treated with 10 ml of a 0.5 M sodium periodate solution for 90 min in the dark (Gil et al. 1992) . The membrane was then thoroughly washed with distilled water and immersed in 10 ml of the lipase solution (2 mg ml −1 ).
When the insertion of a spacer arm (hexamethylenediamine, HMD) was required, the membrane that was pretreated with sodium periodate was reacted with 10 ml of a 1% (w/v) HMD solution for 18 h. The membrane was then thoroughly washed with distilled water, activated with a 5% (v/v) glutaraldehyde solution for 1 h, and treated with the enzyme as above.
Immobilisation of lipase with carbodiimide as the activating agent
Membrane pieces (ca. 4 cm 2 ) were immersed in 10 ml of lipase solution (2 mg ml −1 ) in acetate buffer (0.1 M, pH 5) containing 40 mg carbodiimide, for 18 h at 4 • C. Then, the samples were thoroughly washed, firstly with distilled water, then with 0.1 M acetate buffer and finally with distilled water again.
Determination of the lipolytic activity
The lipolytic activity was determined following a method developed by Peled & Kenz (1981) , which consists on the hydrolysis of triolein in an emulsion stabilised with Triton X-100 at 27 • C. The free fatty acid liberated was titrated with a standard solution of 0.1 M KOH in ethanol, using phenolphthalein as the end point indicator. One unit of activity was defined as the amount of lipase that produced 1 µmol of free oleic acid per second under the assay conditions. The activity of the crude extract was 8.33 µmol s −1 mg −1 protein.
Results and discussion
Immobilisation of lipase onto cellulose and cellulose derivatives
As earlier mentioned, the cellulose and cellulose derivatives membranes were oxidised with IO − 4 to open the glucose molecules and produce aldehyde groups as represented in Figure 1 . The lipase was then covalently linked to the aldehyde groups as shown in Figure 2 .
Since the imine linkage is not very stable, the support-enzyme system was treated with 0.5 M
